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(54) Array substrate with copper conductors, display device having the same and method of

manufacturing the same

(57)  Anarray substrate includes a switching element
(155), a signal transmission line (131), passivation layer
(116) and a pixel electrode (112). The switching element
is disposed on an insulating substrate (120). The signal
transmission line is connected to the switching element
and includes a barrier layer (131a), a conductive line
(131b), and a copper nitride layer (131c). The barrier lay-
eris disposed on the insulating substrate. The conductive
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line is disposed on the barrier layer and includes copper
or copper alloy. The copper nitride layer covers the con-
ductive line. The passivation layer covers the switching
element and the signal transmission line and has a con-
tact hole (151) through which a drain electrode (119) of
the switching element s partially exposed. The pixel elec-
trode (112) is disposed on the insulating substrate, and
is connected to the drain electrode (119) of the switching
element (155) through the contact hole (151).
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication claims priority from and
the benefit of Korean Patent Application No. 2006-67979,
filed on July 20, 2006, the disclosure of which is hereby
incorporated by reference for all purposes as if fully set
forth herein.

BACKGROUND OF THE INVENTION

[0002] FIELD OF THE INVENTION

[0003] The present invention relates to an array sub-
strate, a display device including the array substrate, and
amethod of manufacturing the array substrate. More par-
ticularly, the present invention relates to an array sub-
strate capable of decreasing line resistance and the oc-
currence of line defects, a display device including the
array substrate, and a simplified method of manufactur-
ing the array substrate.

[0004] DISCUSSION OF THE BACKGROUND
[0005] An array substrate of a flat panel display device
includes various lines for transmitting signals, which are
formed through thin film deposition processes.

[0006] Inthe flat panel display device, the length of the
lines has been increased, and the thickness of the lines
has been decreased, thereby increasing the resistance
of the lines.

[0007] In addition, the lines chemically react with an
insulating substrate, an insulating layer, oxygen, etc., so
thattheresistance ofthe linesis greatlyincreased. There-
fore, the image display quality is deteriorated.

[0008] Furthermore, when a metal layer is etched to
form the lines, the etching uniformity of the metal layer
may be deteriorated, which may deteriorate the etching
profile of the lines.

SUMMARY OF THE INVENTION

[0009] The present invention provides an array sub-
strate capable of decreasing line resistance and the oc-
currence of line defects.

[0010] The present invention also provides a display
device including the above mentioned array substrate.
[0011] The presentinvention also provides a simplified
method of manufacturing the array substrate.

[0012] The present invention discloses an array sub-
strate including a switching element, a signal transmis-
sion line, a passivation layer, and a pixel electrode. The
switching element is on an insulating substrate. The sig-
nal transmission line is connected to the switching ele-
ment and includes a barrier layer, a conductive line, and
acopper nitride layer. The barrier layer is on the insulating
substrate. The conductive line is on the barrier layer and
includes copper or copper alloy. The copper nitride layer
covers the conductive line. The passivation layer covers
the switching element and the signal transmission line
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and includes a contact hole through which a drain elec-
trode of the switching element is partially exposed. The
pixel electrode is on the insulating substrate and con-
nected to the drain electrode of the switching element
through the contact hole.

[0013] The present invention also discloses a display
device including a switching element, a signal transmit-
ting line, a pixel electrode, a passivation layer, a liquid
crystal layer, an opposite electrode, and an opposite in-
sulating substrate. The switching element is on an insu-
lating substrate. The signal transmitting line is connected
to the switching element. The signal transmitting line in-
cludes a barrier layer, a conductive line, and a copper
nitride layer. The barrier layer is on the insulating sub-
strate. The conductive line is on the barrier layer and
includes copper or copper alloy. The copper nitride layer
covers the conductive line. The pixel electrode is on the
insulating substrate and is connected to a drain electrode
of the switching element. The passivation layer covers
the switching element and the signal transmission line.
The liquid crystal layer is on the passivation layer. The
opposite electrode is on the liquid crystal layer and faces
the pixel electrode. The opposite insulating substrate is
on the opposite electrode and faces the insulating sub-
strate.

[0014] The presentinvention also discloses a method
of manufacturing an array substrate that is provided as
follows. A barrier layer is formed on an insulating sub-
strate. A gate line and a gate electrode are formed on
the barrier layer. The gate line includes copper or copper
alloy and the gate electrode is connected to the gate line.
Nitride plasma is applied to the gate line and the gate
electrode. A gate insulating layer is deposited on the in-
sulating substrate to cover the gate line and the gate
electrode. A data line, a source electrode connected to
the data line, a drain electrode spaced apart from the
source electrode, and a semiconductor pattern are
formed on the gate insulating layer. The source electrode
is connected to the data line and the drain electrode is
spaced apart from the source electrode. The semicon-
ductor pattern is on the gate electrode between the
source electrode and the drain electrode.

[0015] The presentinvention discloses another meth-
od of manufacturing an array substrate that is provided
as follows. A gate line, a gate electrode, and a gate in-
sulating layer are formed on an insulating substrate. The
gate electrode is connected to the gate line. The gate
insulating layer covers the gate line and the gate elec-
trode. A semiconductor pattern is formed on the gate
insulating layer corresponding to the gate electrode. A
data line, a source electrode, and a drain electrode are
formed on the gate insulating layer. The dataline includes
copper or copper alloy. The source electrode is connect-
ed to the data line. The drain electrode is spaced apart
from the source electrode with respect to the semicon-
ductor pattern. Nitride plasma is applied to the data line,
the source electrode, and the drain electrode. A passi-
vation layer is deposited on the gate insulating layer to
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cover the semiconductor pattern, the dataline, the source
electrode, and the drain electrode.

[0016] The present invention discloses still another
method of manufacturing an array substrate that is pro-
vided as follows. A first barrier layer, a first conductive
layer, and a first copper nitride layer are deposited on an
insulating substrate, in sequence. The first conductive
layer includes copper or copper alloy. The first barrier
layer, the first conductive layer, and the first copper nitride
layer are patterned to form a gate line and a gate elec-
trode connected to the gate line. A gate insulating layer
is deposited on the insulating substrate to cover the gate
line and the gate electrode. A data line, a source elec-
trode, a drain electrode, and a semiconductor pattern are
formed on the gate insulating layer. The source electrode
is connected to the data line and the drain electrode is
spaced apart from the source electrode. The semicon-
ductor pattern is on the gate electrode between the
source electrode and the drain electrode.

[0017] The present invention discloses yet another
method of manufacturing an array substrate that is pro-
vided as follows. A barrier layer is formed on an insulating
substrate. A gate line and a gate electrode are formed
on the barrier layer. The gate line includes copper or cop-
per alloy and the gate electrode is connected to the gate
line. Hydrogen plasma is applied to the gate line and the
gate electrode. A first gas mixture is injected into a cham-
ber to form a first gate insulating layer on the insulating
substrate. The first gas mixture includes silane gas, ni-
trogen gas, and ammonia gas. The amount of silane gas
in the first gas mixture is no more than about 6.43% by
volume. A second gas mixture is injected into the cham-
ber to form a second gate insulating layer on the insulat-
ing substrate. The second gas mixture includes silane
gas, nitrogen gas, and ammonia gas. The amount of si-
lane gas in the second gas mixture is no less than about
6,43% by volume. A third gas mixture is injected into the
chamber to form a third gate insulating layer on the in-
sulating substrate. The third gas mixture includes silane
gas, nitrogen gas, and ammonia gas. The amount of si-
lane gas in the third gas mixture is no more than about
6.43% by volume. A data line, a source electrode, a drain
electrode, and a semiconductor pattern are formed on
the third gate insulating layer. The source electrode is
connected to the data line and the drain electrode is
spaced apart from the source electrode. The semicon-
ductor pattern is on the gate electrode between the
source electrode and the drain electrode.

[0018] It is to be understood that both the foregoing
and general description and the following detailed de-
scription are exemplary and explanatory and are intend-
ed to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
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are incorporated in and constitute a part of this specifi-
cation, illustrate exemplary embodiments of the inven-
tion, and together with the description serve to explain
the principles of the invention.

[0020] FIG. 1isaplanview showing an array substrate
in accordance with one exemplary embodiment of the
present invention.

[0021] FIG. 2is a cross-sectional view taken along line
I-I' of FIG.1.

[0022] FIG. 3 is an enlarged cross-sectional view
showing portion 'A’ of FIG. 2.

[0023] FIG. 4isacross-sectional view taken along line
II-1I’ of FIG. 1.

[0024] FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG.10,
FIG. 11, FIG, 12, FIG. 13, FIG. 14, FIG. 15, FIG. 16, FIG.
17, FIG. 18, and FIG. 19 are cross-sectional views show-
ing a method of manufacturing the array substrate of FIG.
1.

[0025] FIG. 20is a cross-sectional view showing a dis-
play device in accordance with another exemplary em-
bodiment of the present invention.

[0026] FIG. 21 is a cross-sectional view showing an
array substrate in accordance with another embodiment
of the present invention.

[0027] FIG. 22, FIG. 23, FIG. 24, FIG. 25, and FIG. 26
are cross-sectional views showing a method of manu-
facturing the array substrate shown in FIG. 21.

[0028] FIG. 27 is a cross-sectional view showing an
array substrate in accordance with another exemplary
embodiment of the present invention.

[0029] FIG. 28 is a cross-sectional view showing an
array substrate in accordance with another exemplary
embodiment of the present invention.

[0030] FIG.29is across-sectional view showing a dis-
play device in accordance with another exemplary em-
bodiment of the present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0031] The invention is described more fully hereinaf-
ter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This in-
vention may, however, be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated
for clarity.

[0032] It will be understood that when an element or
layer is referred to as being "on," "connected to" or "cou-
pled to" another element or layer, it can be directly on,
directly connected to, or directly coupled to the other el-
ement or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as
being "directly on," "directly connected to" or "directly
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coupled to" another element or layer, there are no inter-
vening elements or layers present. Like numbers refer
to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.

[0033] It will be understood that, although the terms
first, second, third etc. may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, afirst element, component, region,
layer or section discussed below could be termed a sec-
ond element, component, region, layer or section without
departing from the teachings of the present invention.
[0034] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0035] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a," "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0036] Embodiments of the invention are described
herein with reference to cross-section illustrations that
are schematic illustrations of idealized embodiments
(and intermediate structures) of the invention. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments of the
invention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to in-
clude deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or
curved features and/or a gradient of implant concentra-
tion at its edges rather than a binary change from im-
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planted to non-implanted region. Likewise, a buried re-
gion formed by implantation may result in some implan-
tation in the region between the buried region and the
surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic
in nature and their shapes are not intended to illustrate
the actual shape of a region of a device and are not in-
tended to limit the scope of the invention.

[0037] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.

[0038] Hereinafter, the present invention will be de-
scribed in detail with reference to the accompanying
drawings.

[0039] FIG. 1isaplanview showing an array substrate
in accordance with one exemplary embodiment of the
present invention. FIG. 2 is a cross-sectional view taken
along line I-I’ of FIG. 1. FIG. 3 is an enlarged cross-sec-
tional view showing portion 'A’ of FIG. 2.

FIG. 4 is a cross-sectional view taken along line II-1I’ of
FIG. 1.
[0040] ReferringtoFIG. 1,FIG.2,andFIG.4,the array

substrate includes an insulating substrate 120, a gate
line 131, a data line 133, a gate insulating layer 126, a
passivation layer 116, and a pixel electrode 112. Alter-
natively, the array substrate may include a plurality of
gate lines, a plurality of data lines, and a plurality of pixel
electrodes.

[0041] The insulating substrate 120 may include a
transparent glass that transmits light. The insulating sub-
strate 120 may not include alkaline ions. When the insu-
lating substrate 120 includes alkaline ions, the alkaline
ions may be dissolved in a liquid crystal layer (not shown)
and may decrease the resistance of the liquid crystal lay-
er, which may decrease the image display quality and
the adhesive strength between a sealant (not shown) and
the insulating substrate 120, In addition, characteristics
of a thin film transistor may be deteriorated.

[0042] The insulating substrate 120 may also include
a high polymer that is optically transparent. Examples of
optically transparent high polymers that may be included
in the insulating substrate 120 include triacetylcellulose
(TAC), polycarbonate (PC), polyethersulfone (PES), pol-
yethyleneterephthalate (PET), polyethylenenaphthalate
(PEN), polyvinylalcohol (PVA), polymethylmethacrylate
(PMMA), cyclo-olefin polymer (COP), and combinations
thereof.

[0043] The insulating substrate 120 may be optically
isotropic. Alternatively, the insulating substrate 120 may
be optically anisotropic.

[0044] The gate line 131 is disposed on the insulating
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substrate 120. The gate line 131 includes a gate barrier
layer 131a, a gate conductive layer 131b, and a gate
copper nitride layer 131c.

[0045] The gate barrier layer 131a is disposed on the
insulating substrate 120. The gate barrier layer 131 a
increases the adhesive strength between the gate line
131 and the insulating substrate 120. Examples of barrier
material that may be used in the gate barrier layer 131a
include molybdenum (Mo), molybdenum-titanium (Mo-
Ti) alloy, molybdenum-tungsten (Mo-W) alloy, molybde-
num-chromium (Mo-Cr) alloy, molybdenum-niobium (Ni)
alloy, and combinations thereof.

Copper nitride may be disposed on a side surface of the
gate barrier layer 131a.

[0046] The gate conductive layer 131b is disposed on
the gate barrier layer 131a. The gate conductive layer
131 b may include copper or copper alloy. When the gate
conductive layer 131 b includes copper, the resistance
of the gate conductive layer 131 b is about 2.1 pQcm to
about 2.3 n.Qcm. Thus, the resistance of the gate con-
ductive layer 131b is about 30% smaller than that of an
aluminum layer, which has a resistance of about 3.1
rQcm. In addition, the gate conductive layer 131b has
lower electro-migration than an aluminum layer.

[0047] The gate copper nitride layer 131c¢ is disposed
on an upper surface and a side surface of the gate con-
ductive layer 131b. The gate copper nitride layer 131c
includes copper nitride, Nitride plasma may be implanted
into a copper line to form the gate copper nitride layer
131c. Examples of nitride plasma that may be implanted
into the copper line include ammonia (NH3) plasma, ni-
trogen (N,) plasma, and combinations thereof.

[0048] The gate copper nitride layer 131¢ prevents the
copper of the gate conductive layer 131b from mixing
with impurities such as oxygen and silicon. In addition,
the gate copper nitride layer 131 ¢ has greater resistance
to etching than the gate conductive layer 131b and there-
fore, may protect the gate conductive layer 131b from a
subsequent process, such as an etching process or a
stripping process.

[0049] A gate electrode 118 of the thin film transistor
155 is disposed on the insulating substrate 120. The gate
electrode 118 may include copper or copper alloy. The
gate electrode 118 may be formed on substantially the
same layer as the gate line 131. The gate electrode 118
includes a gate barrier pattern 118a, a gate conductive
pattern 118b, and a gate copper nitride pattern 118c.
[0050] The gate barrier pattern 118a is disposed on
the insulating substrate 120. The gate barrier pattern
118a may include molybdenum (Mo), molybdenum-tita-
nium (Mo-Ti) alloy, molybdenum-tungsten (Mo-W) alloy,
molybdenum-chromium (Mo-Cr) alloy, molybdenum-nio-
bium (Ni) alloy, and combinations thereof. For example,
the gate barrier pattern 118a may include substantially
the same material as the gate barrier layer 131a of the
gate line 131.

[0051] The gate conductive pattern 118b is disposed
on the gate barrier pattern 118a. The gate conductive
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pattern 118b may include copper or copper alloy. For
example, the gate conductive pattern 118b may include
substantially the same material as the gate conductive
layer 131b of the gate line 131.

[0052] The gate copper nitride pattern 118c is dis-
posed on an upper surface and a side surface of the gate
conductive pattern 118b. The copper nitride pattern 118¢c
may include copper nitride. For example, the gate copper
nitride pattern 118c may include substantially the same
material as the gate copper nitride layer 131c of the gate
line 131.

[0053] The gateinsulating layer 126 is disposed on the
insulating substrate 120 to cover the gate line 131 and
the gate electrode 118.

[0054] ReferringtoFIG. 3, the gate insulating layer 126
includes a first gate insulating layer 126a, a second gate
insulating layer 126b, and a third gate insulating layer
126¢. The gate insulating layer 126 may be formed
through a chemical vapor deposition (CVD) method using
silane gas and nitride mixture gas. The chemical vapor
deposition method may be a plasma enhanced chemical
vapor deposition (PECVD) method. The nitride mixture
gas may contain nitrogen (N,) gas, ammonia (NH5) gas,
and combinations thereof.

[0055] The first gate insulating layer 126a is disposed
on the insulating substrate 120 on which the gate line
131 and the gate electrode 118 are formed. The first gate
insulating layer 126a may include a low density silicon
nitride and the density of the first gate insulating layer
126a may be low. The amount of silane gas in the first
gas mixture may be no more than about 6.43% by vol-
ume. Silicon atoms may be securely combined with ni-
trogen atoms in the low density silicon nitride. For exam-
ple, the number of dangling bonds on which electrons
may be trapped may be decreased in the low density
silicon nitride, which may decrease the deposition speed,
In addition, the surface structure of the low density silicon
nitride may be dense making ita good electrical insulator.
[0056] The second gate insulating layer 126b is dis-
posed on the first gate insulating layer 126a and may
include a high density silicon nitride. The density of the
second gate insulating layer 126b may be higher than
that of the first gate insulating layer 126a. The amount
of silane gas in the second gas mixture may be no less
than about 6,43% by volume. The second gas mixture
may contain more silane gas than the first gas mixture.
Silicon atoms may be loosely combined with nitrogen at-
oms in the high density silicon nitride. For example, the
number of dangling bonds may be increased in the high
density silicon nitride such that electrons may be trapped
in the dangling bonds. The deposition speed of the high
density silicon nitride may be faster than that of low den-
sity silicon nitride. In addition, the surface structure of the
low density silicon nitride may be loose and the high den-
sity silicon nitride may be a poorer electrical insulator
than the low density silicon nitride.

[0057] The third gate insulating layer 126¢ is disposed
on the second gate insulating layer 126b and may include
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substantially the same low density silicon nitride as the
first gate insulating layer 126a. Since the third gate insu-
lating layer 126¢ includes substantially the same material
as the first gate insulating layer 126a, any further expla-
nation concerning the above elements will be omitted.
When the third gate insulating layer 126¢ includes low
density silicon nitride, the electrical characteristics of the
amorphous silicon pattern 137a of the semiconductor
pattern 137 may be improved.

[0058] The nitrogen density of the first gate insulating
layer 126a may be higher than that of the second gate
insulating layer 126b so that copper atoms in the gate
line 131 and the gate electrode 118 may not be combined
with silicon atoms. The deposition speed of the second
gate insulating layer 126b may be faster than that of the
first gate insulating layer 126b, thereby decreasing the
manufacturing time of the array substrate. The third gate
insulating layer 126¢c may have a denser structure and
therefore, more secure electrical characteristics, than the
second gate insulating layer 126b. Thus, the third gate
insulating layer 126¢ may improve the electrical charac-
teristics of the amorphous silicon pattern 137a.

[0059] Referring again to FIG. 1, FIG. 2, and FIG. 4,
the semiconductor pattern 137 of the thin film transistor
155 is disposed on the gate insulating layer 126 corre-
sponding to the gate electrode 118, The semiconductor
pattern 137 includes the amorphous silicon pattern 137a
and an n+ amorphous silicon pattern 137b.

[0060] The amorphous silicon pattern 137a is dis-
posed on the gate insulating layer 126 corresponding to
the gate electrode 118. The amorphous silicon pattern
137a may include a lower amorphous silicon pattern (not
shown) and an upper amorphous silicon pattern (not
shown). The lower amorphous silicon pattern may be de-
posited at a higher temperature and at a slower speed
than the upper amorphous silicon pattern such thatit has
a denser structure than the upper amorphous silicon pat-
tern.

[0061] When an electric field is applied between the
gate electrode 118 and the source electrode 117, a chan-
nel is formed in the lower amorphous silicon pattern ad-
jacent to the gate insulating layer 126. In FIG. 1, FIG. 2,
FIG. 3, and FIG. 4, the lower amorphous silicon pattern
has a denser structure than the upper amorphous silicon
pattern and therefore, the number of the dangling bonds
trapping electrons is smaller in the lower amorphous sil-
icon pattern. Thus, the electrical characteristics of the
semiconductor pattern 137 may be improved, In addition,
the deposition speed of the upper amorphous silicon pat-
tern may be faster than that of the lower amorphous sil-
icon pattern, which may decrease the manufacturing
time.

[0062] The n+ amorphous silicon pattern 137b in-
cludes a first pattern and a second pattern. The first and
second patterns are spaced apart from each other on the
amorphous silicon pattern 137a.

[0063] The data line 133 is disposed on the gate insu-
lating layer 126. The data line 133 includes a data barrier
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layer 133a, a data conductive layer 133b, and a data
copper nitride layer 133c.

[0064] The data barrier layer 133a is on the gate insu-
lating layer 126, the amorphous silicon pattern 137a, and
the n+ amorphous silicon pattern 137b. The data barrier
layer 133a prevents the silicon atoms of the gate insu-
lating layer 126 from diffusing into the data conductive
layer 133b, which may prevent the resistance of the data
conductive layer 133b from increasing. Examples of a
conductive material that may be included in the data bar-
rier layer 133a include molybdenum (Mo), molybdenum-
titanium (Mo-Ti) alloy, molybdenum-tungsten (Mo-W) al-
loy, molybdenum-chromium (Mo-Cr) alloy, molybdenum-
niobium (Mo-Nb) alloy, and combinations thereof. A met-
al nitride layer may be formed on a side surface of the
data barrier layer 133a.

[0065] The data conductive layer 133b is disposed on
the data barrier layer 133a. The data conductive layer
133b may include copper or copper alloy. For example,
the data conductive layer 133b may include substantially
the same material as the gate conductive layer 131b.
Thus, any further explanation concerning the above el-
ements will be omitted.

[0066] The data copper nitride layer 133c is disposed
on an upper surface and a side surface of the data con-
ductive layer 133b. The data copper nitride layer 133c
may include substantially the same copper nitride as the
gate copper nitride layer 131c. Alternatively, a data cop-
per hydrogenated layer may be formed on the upper sur-
face and the side surface of the data conductive layer
133b.

[0067] A source electrode 117 of the thin film transistor
155 is disposed on a first pattern of the n+ amorphous
silicon pattern. The source electrode 117 may include
copper or copper alloy. The source electrode 117 may
be formed on substantially the same layer as the data
line 133. The source electrode 117 is connected to the
data line 133and includes a source barrier pattern 117a,
a source conductive pattern 117b, and a source copper
nitride pattern 117c.

[0068] The source barrier pattern 117ais disposed on
the first pattern of the n+ amorphous silicon pattern. The
source barrier pattern 117a may include a conductive
material such as molybdenum (Mo), molybdenum-titani-
um (Mo-Ti) alloy, molybdenum-tungsten (Mo-W) alloy,
inolybdenum-chromium (Mo-Cr) alloy, molybdenum-nio-
bium (Ni) alloy, and combinations thereof. For example,
the source barrier pattern 117a may include substantially
the same material as the data barrier layer 133a of the
data line 133.

[0069] The source conductive pattern 117b is dis-
posed on the source barrier pattern 117a. The source
conductive pattern 117b may include copper or copper
alloy. For example, the source conductive pattern 117b
may include substantially the same material as the data
conductive layer 133b of the data line 133.

[0070] The source copper nitride pattern 117c is dis-
posed on an upper surface and a side surface of the
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source conductive pattern 117b. The source copper ni-
tride pattern 117c may include copper nitride. For exam-
ple, the source copper nitride pattern 117¢ may include
substantially the same material as the data copper nitride
layer 133c of the data line 133.

[0071] A drain electrode 119 of the thin film transistor
155 is disposed on a second pattern of the n+ amorphous
silicon pattern. The drain electrode 119 may include cop-
per or a copper alloy. For example, the drain electrode
119 may be formed from substantially the same layer as
the data line 133. The drain electrode 119 is electrically
connected to the pixel electrode 112 and includes a drain
barrier pattern 119a, a drain conductive pattern 119b,
and a drain copper nitride pattern 119c.

[0072] The drain barrier pattern 119a is on the second
pattern of the n+ amorphous silicon pattern. The drain
barrier pattern 119a may include molybdenum (Mo), mo-
lybdenum-titanium (Mo-Ti) alloy, molybdenum-tungsten
(Mo-W) alloy, molybdenum-chromium (Mo-Cr) alloy, mo-
lybdenum-niobium (Ni) alloy, and combinations thereof.
For example, the drain barrier pattern 119a may include
substantially the same material as the data barrier layer
133a of the data line 133.

[0073] The drain conductive pattern 119b is disposed
on the drain barrier pattern 119a. The drain conductive
pattern 119b may include copper or a copper alloy. For
example, the drain conductive pattern 119b may include
substantially the same material as the data conductive
layer 133b of the data line 133.

[0074] The drain copper nitride pattern 119c is dis-
posed on an upper surface and a side surface of the drain
conductive pattern 119b. The drain copper nitride pattern
119c may include copper nitride. For example, the drain
copper nitride pattern 119¢ may include substantially the
same material as the data copper nitride layer 133c of
the data line 133.

[0075] The passivation layer 116 is disposed on the
gate insulating layer 126 to cover the semiconductor pat-
tern 137, the data line 133, the source electrode 117, and
the drain electrode 119. The passivation layer 116 may
include silicon nitride. Alternatively, the passivation layer
116 may have a double layered structure including a low
density silicon nitride layer and a high density silicon ni-
tride layer. The passivation layer 116 may have a contact
hole 151 through which the drain electrode 119 is partially
exposed.

[0076] The pixel electrode 112 is disposed on the pas-
sivation layer 116 and is connected to the drain electrode
119 through the contact hole 151. The pixel electrode
112 may include a transparent conductive material. Ex-
amples of the transparent conductive material that may
be included in the pixel electrode 112 include indium tin
oxide (ITO), indium zinc oxide (I1ZO), amorphous indium
tin oxide (a-ITO), and combinations thereof.

[0077] According to the array substrate shown in FIG.
1, FIG. 2, FIG. 3, and FIG. 4, the gate line 131, the gate
electrode 118, the data line 133, the source electrode
117, and the drain electrode 119 include the gate copper
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nitride line 131c, the gate copper nitride pattern 118c,
the data copper nitride line 133c, the source copper ni-
tride pattern 117c, and the drain copper nitride pattern
119c, respectively, to decrease the occurrence of defects
of the gate line 131, the gate electrode 118, the data line
133, the source electrode 117 and the drain electrode
119. In addition, the gate insulating layer 126 may have
a triple layered structure, which may decrease the man-
ufacturing time of the array substrate and improve the
electrical characteristics of the amorphous silicon pattern
137a of the array substrate.

[0078] FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, FIG. 10,
FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG. 15, FIG. 16, FIG.
17, FIG. 18, and FIG. 19 are cross-sectional views show-
ing a method of manufacturing the array substrate shown
in FIG. 1,

[0079] Referring to FIG. 1 and FIG. 5, a primary gate
barrier layer 141 and a primary gate conductive layer 142
are formed on the insulating substrate 120, in sequence.
A copper nitride layer (not shown) may be formed on the
primary gate conductive layer 142 through a sputtering
process. A gate photoresist film 143 is coated on the
primary gate conductive layer 142.

[0080] The gate photoresist film 143 is exposed
through a gate mask 171. The gate mask 171 includes
a light blocking portion 171a and a transparent portion
171b. The light blocking portion 171a corresponds to the
gate line 131 and the gate electrode 118.

[0081] Referring to FIG. 1 and FIG. 6, the exposed
gate photoresist film 143 is developed to form a gate
photoresist pattern 143a on the primary gate conductive
layer 142.

[0082] ReferringtoFIG. 1andFIG.7, the primary gate
conductive layer 142 and the primary gate barrier layer
141 are partially etched, using the gate photoresist pat-
tern 143a as an etching mask, to form the gate barrier
layer 131a, a primary gate conductive layer 131d, the
gate barrier pattern 118a, and a primary gate conductive
pattern 118d on the insulating substrate 120. The gate
photoresist pattern 143a is then removed from the pri-
mary gate conductive layer 131d and the primary gate
conductive pattern 118c.

[0083] Referring to FIG. 1 and FIG. 8, nitride plasma
is applied to the insulating substrate 120, on which the
primary gate conductive layer 131d, the gate barrier layer
131a, the gate barrier pattern 118a, and the primary gate
conductive pattern 118d are formed. For example, am-
monia gas and nitrogen gas may be injected into a cham-
ber (not shown) and an electric power of no less than
about 300W may be applied to the ammonia gas and the
nitrogen gas for a period of no less than about 20 sec-
onds.

[0084] Referringto FIG. 1 and FIG. 9, the nitride plas-
ma 188a (shown in FIG. 8) is injected onto an upper sur-
face and a side surface of the primary gate conductive
layer 131d to form the gate conductive layer 131b and
the gate copper nitride layer 131c on the gate barrier
layer 131a. In addition, the nitride plasma 188a is also
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injected onto an upper surface and a lower surface of the
primary gate conductive pattern 118d to form the gate
conductive pattern 118b and the gate copper nitride pat-
tern 118c on the gate barrier pattern 118a.

[0085] Furthermore, copper oxide that may be formed
on surfaces of the primary gate conductive layer 131d
and the primary gate conductive pattern 118d by oxygen
or water vapor is converted into copper nitride by the
nitride plasma 118a. Copper nitride has better electrical
and manufacturing characteristics than copper oxide. For
example, copper nitride has less resistance and greater
mechanical strength than copper oxide.

[0086] A gas mixture, including silane gas and a nitride
mixture gas, may be injected onto the insulating substrate
120, on which the gate electrode 118, the gate line 131,
and the gate insulating layer 126 (shown in FIG. 2) are
formed, through a chemical vapor deposition (CVD)
method. Examples of the nitride mixture gas that may be
injected onto the insulating substrate 120 include nitro-
gen gas, ammonia gas, and combinations thereof. The
chemical vapor deposition method may be a plasma en-
hanced chemical vapor deposition (PECVD) method.
[0087] FIG.10,FIG.11,FIG.12,andFIG. 13 are cross-
sectional views showing a method of disposing the gate
insulating layer shown in FIG. 2.

[0088] Referring to FIG. 9 and FIG. 10, the first gas
mixture is injected into the chamber. The amount of silane
gas in the first gas mixture may be no more than about
6.43% by volume. An electric power is applied to the first
gas mixture to generate a low density silicon nitride plas-
ma 189a, which is applied to the insulating substrate 120
on which the gate electrode 118 and the gate line 131
are formed. Thus, the first gate insulating layer 126a
(shown in FIG. 3), including low density silicon nitride, is
formed on the insulating substrate 120 on which the gate
electrode 118 and the gate line 131 are formed. For ex-
ample, the gate insulating layer 126 may be formed in
the chamber in which the nitride plasma is applied to the
insulating substrate 120, in situ.

[0089] When the amount of silane gas in the first gas
mixture for forming the first gate insulating layer 126a is
no more than about 6.43% by volume, enough nitrogen
atoms may be present for the silicon atoms in the silane
gas to react with the nitrogen atoms, thereby forming
silicon nitride. Thus, the first gate insulating layer 126a
may have a dense structure and be a good electrical
insulator. However, the deposition speed of the first gate
insulating layer 126a may be decreased.

[0090] When the amount of silane gas in the first gas
mixture for disposing the first gate insulating layer 126a
is more than about 6.43% by volume, a portion of the
silicon atoms in the silane gas may not react with nitrogen
atoms and therefore, the silicon atoms may react with
copper atoms of the gate line 131 and the gate electrode
118, forming silicon copper (CuSi). Silicon atoms of the
silicon copper may be separated from the copper atoms
of the silicon copper and may be implanted into the gate
line 131 and the gate electrode 118. When the silicon
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atoms are implanted into the gate line 131 and the gate
electrode 118, the resistance of the gate line 131 and the
gate electrode 118 may be greatly increased. However,
in FIG. 9 and FIG. 10, the amount of silane gas in the
first gas mixture for forming the first gate insulating layer
126a is no more than about 6.43% by volume and there-
fore, the copper nitride of the gate copper nitride layer
131c and the gate copper nitride pattern 118c may not
react with the silicon atoms.

[0091] InFIG.9andFIG. 10, the amount of silane gas
in the first gas mixture for forming the first gate insulating
layer 126a is about 2.24% by volume and the electric
power applied to the chamber is about 900W. In addition,
the thickness of the first gate insulating layer 126a is no
less than about 10A.

[0092] ReferringtoFIG.9andFIG. 11, the second gas
mixture for forming the second gate insulating layer 126b
(shown in FIG. 3) is injected into the chamber. The
amount of silane gas in the second gas mixture is no less
than about 6.43% by volume. An electric power is applied
to the second gas mixture to generate high density silicon
nitride plasma 189b, and the high density silicon nitride
plasma 189b is applied to the first gate insulating layer
126a. Thus, the second gate insulating layer 126b
(shown in FIG. 3), including high density silicon nitride,
is disposed on the first gate insulating layer 126a. For
example, the first gate insulating layer 126a and the sec-
ond gate insulating layer 126b may be formed in the
chamber, in situ.

[0093] When the amount of silane gas in the second
gas mixture for disposing the second gate insulating layer
126b is no less than about 6.43% by volume, the silicon
atoms in the silane gas may not sufficiently react with the
nitrogen atoms in the nitride mixture gas. Thus, the sec-
ond gate insulating layer 126b may have a loose structure
and the insulating characteristics of the second gate in-
sulating layer 126b may be poorer than that of the first
gate insulating layer 126a such that the second gate in-
sulating layer 126b has a smaller electrical resistance
than the first gate insulating layer 126a. However, the
deposition speed of the second gate insulating layer 126b
may be faster than that of the first gate insulating layer
126a.

[0094] In FIG. 9 and FIG. 11, the first gate insulating
layer 126a may block the silicon atoms to protect the gate
electrode 118 and the gate line 131, even though the
amount of the silane gas in the second gas mixture for
forming the second gate insulating layer 126b may be no
less than about 6.43% by volume. Thus, the silicon atoms
may not be implanted into the gate line 131 and the gate
electrode 118.

[0095] For example, the amount of silane gas in the
second gas mixture for forming the second gate insulat-
ing layer 126b may be about 6.43% by volume and the
electric power applied to the chamber may be about
1200W.

[0096] Referring to FIG. 9 and FIG. 12, the third gas
mixture for forming the third gate insulating layer 126¢
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(shown in FIG. 3) is injected into the chamber. The
amount of silane gas in the third gas mixture is no more
than about 6.43% by volume. Electric power is applied
to the third gas mixture to generate a low density silicon
nitride plasma 189c, which is applied to the second gate
insulating layer 126b. Thus, the third gate insulating layer
126¢, including low density silicon nitride, is formed on
the second gate insulating layer 126b.

[0097] When the amount of silane gas in the third gas
mixture for forming the third gate insulating layer 126¢ is
no more than about 6.43% by volume, the third gate in-
sulating layer 126¢ may have a dense structure and may
be a good electrical insulator. However, the deposition
speed of the third gate insulating layer 126¢ may be de-
creased.

[0098] InFIG. 9 and FIG. 12, the amount of the silane
gas in the third gas mixture for forming the third gate
insulating layer 126¢c may be about 2.24% by volume and
the electric power applied to the chamber may be about
900W.

[0099] Referring to FIG. 13 and FIG. 14, the gate in-
sulating layer 126, including the first gate insulating layer
126a, the second gate insulating layer 126b, and the third
gate insulating layer 126¢, is formed on the insulating
substrate 120 on which the gate electrode 118 and the
gate line 131 are formed,

[0100] ReferringtoFIG. 15, a lower amorphous silicon
layer (not shown) and an upper amorphous silicon layer
(not shown) are deposited on the gate insulating layer
126, in sequence. The upper amorphous silicon layer
may have a looser structure than the lower amorphous
silicon layer.

[0101] The lower amorphous silicon layer may be de-
posited at a low electric power and at a decreased speed
so that the lower amorphous silicon layer may have a
dense structure and good electrical characteristics. The
upper amorphous silicon layer may be deposited at a
high electric power and at an increased speed so that
the upper amorphous silicon layer may have a loose
structure. Forexample, the lower amorphous silicon layer
may be formed at an electric power of about 150W and
the upper amorphous silicon layer may be formed at an
electric power of about 300W. The amorphous silicon
layer is deposited on the gate insulating layer 126and
includes the lower amorphous silicon layer and the upper
amorphous silicon layer.

[0102] Then, n+impurities are implanted into an upper
portion of the amorphous silicon layer to form an n+ amor-
phous silicon layer (not shown).

[0103] The n+ amorphous silicon layer and the amor-
phous silicon layer are partially etched to form a primary
n+ amorphous silicon pattern 137c and the amorphous
silicon pattern 137a.

[0104] ReferringtoFIG. 16, aprimary databarrier layer
(not shown) and a primary data conductive layer (not
shown) are formed on the gate insulating layer 126, in
sequence. The gate insulating layer 126 includes the pri-
mary n+ amorphous silicon pattern 137c and the amor-
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phous silicon pattern 137a. Alternatively, a copper nitride
layer (not shown) may be deposited on the primary data
conductive layer through a sputtering process. A data
photoresist film (not shown) is formed on the primary data
conductive layer.

[0105] The primary data barrier layer and the primary
data conductive layer are partially etched through a pho-
tolithography process using a data mask (not shown) to
form the data barrier layer 133a, a primary data conduc-
tive layer 133d, the source barrier pattern 117a, a primary
source conductive pattern 117d, the drain barrier pattern
119a, and a primary drain conductive pattern 119d.
[0106] The nitride plasma 188b is implanted onto the
gate insulating layer 126 including the primary n+ amor-
phous silicon pattern 137c, the amorphous silicon pattern
137a, the data barrier layer 133a, a primary data con-
ductive layer 133d, the source barrier pattern 117a, a
primary source conductive pattern 117d, the drain barrier
pattern 119a, and a primary drain conductive pattern
119d,

[0107] Referring to FIG. 16 and FIG. 17, the nitride
plasma 188b is implanted onto upper and side surfaces
of the primary data conductive layer 133d, the primary
source conductive pattern 117d, and the primary drain
conductive pattern 119d to form the data conductive layer
133b, the data copper nitride layer 133c, the source con-
ductive pattern 117b, the source copper nitride pattern
117c, the drain conductive pattern 119b, and the drain
copper nitride pattern 119c. For example, ammonia gas
and nitrogen gas may be injected into a chamber (not
shown), and an electric power of about 300W may be
applied to the ammonia gas and the nitrogen gas for more
than about 20 seconds.

[0108] ReferringtoFIG. 17, the primary n+ amorphous
silicon pattern 137c (shown in FIG. 16) interposed be-
tween the source electrode 117 and the drain electrode
119 is partially etched, using the source electrode 117
and the drain electrode 119 as an etching mask, to form
the semiconductor pattern 137 including the n+ amor-
phous silicon pattern 137b and the amorphous silicon
pattern 137a.

[0109] The data copper nitride layer 133c, the source
copper nitride pattern 117c, and the drain copper nitride
pattern 119c may protect the data line 133, the source
electrode 117, and the drain electrode 119, respectively,
from the etchant for etching the primary n+ amorphous
silicon pattern 137c.

[0110] InFIG. 15, FIG. 16, and FIG. 17, the semicon-
ductor pattern 137, the dataline 133, the source electrode
117, and the drain electrode 119 are formed using two
photo masks. Alternatively, the semiconductor pattern,
the data line, the source electrode, and the drain elec-
trode may be formed using one photo mask.

[0111] Referring to FIG. 18, the passivation layer 116
is formed on the gate insulating layer 126 to cover the
semiconductor pattern 137, the data line 133, the source
electrode 117, and the drain electrode 119. For example,
silane gas and the nitride mixture gas may be injected
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onto the gate insulating layer 126, and the passivation
layer 116 may be formed on the gate insulating layer 126
by a chemical vapor deposition (CVD) method.

[0112] As shownin FIG. 18, the passivation layer 116
may include a first passivation layer (not shown) and a
second passivation layer (not shown). The second pas-
sivation layer may be disposed on the first passivation
layer.

[0113] Thefirst passivation layer may include low den-
sity silicon nitride. The method for forming the low density
silicon nitride of the first passivation layer is substantially
the same as that described with respect to FIG. 10. Thus,
any further explanation concerning the above elements
will be omitted.

[0114] The second passivation layer may include high
density silicon nitride. The method for forming the high
density silicon nitride of the second passivation layer is
substantially the same as that described with respect to
FIG. 11. Thus, any further explanation concerning the
above elements will be omitted.

[0115] InFIG. 18, the passivation layer 116 has a dou-
ble layered structure including first and second passiva-
tion layers. Alternatively, the passivation layer may have
a single layered structure or a multi-layered structure in-
cluding no less than three layers.

[0116] Referring to FIG. 19, the passivation layer 115
may be partially etched to form the contact hole 151
through which the drain electrode 119 is partially ex-
posed. Alternatively, a laser beam may be irradiated onto
the pixel electrode 112 corresponding to the drain elec-
trode 119 to form the contact hole 151 after the pixel
electrode 112 is formed.

[0117] The pixel electrode 112 connected to the drain
electrode 119 is formed on the passivation layer 116 and
the contact hole 151 is formed in the passivation layer
116.

[0118] According to the method of manufacturing the
display substrate of FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG.
8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14,
FIG. 15, FIG. 16, FIG. 17, FIG. 18, and FIG. 19, an ad-
ditional protective layer for protecting an upper portion
of the gate line 131, the gate electrode 118, the data line
133, the source electrode 117, and the drain electrode
119 may be omitted, thereby decreasing manufacturing
time of the display substrate.

[0119] In addition, the copper nitride layer may cover
the side surface of the data line 133, the source electrode
117, and the drain electrode 119 to prevent the data line
133, the source electrode 117, and the drain electrode
119 from the etchant for etching the primary n+ amor-
phous silicon pattern 137c.

EXAMPLE |

[0120] A primary gate conductive pattern 188d (shown
in FIG. 8) was treated by nitride plasma or hydrogen plas-
ma. A gate insulating layer having a multilayered struc-
ture and including a low density silicon nitride layer and
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a high density silicon nitride layer was deposited on the
substrate. The nitride plasma or the hydrogen plasma
was generated by an electric power of about 600W during
about 20 seconds. An electric power of about 900W was
applied to a gas mixture including silane gas and a nitride
mixture gas and the amount of silane gas in the gas mix-
ture was about 2.24% by volume. An electric power of
about 1200W was applied to a gas mixture including si-
lane gas and a nitride mixture gas and the amount of the
silane gasinthe gas mixture was about 6.43% by volume,
[0121] When a first low density silicon nitride layer, a
high density silicon nitride layer, and a second low density
silicon nitride layer were formed after the nitride plasma
treatment, the resistance of the gate line was about 2.1
pQcm to 2.3 pQecm.

[0122] When a first low density silicon nitride layer, a
high density silicon nitride layer, and a second low density
silicon nitride layer were formed after the hydrogen plas-
ma treatment, the resistance of the gate line was about
2.5 pQcm to 2.8 pQcm.

[0123] When a high density silicon nitride layer and a
low density silicon nitride layer were formed after the ni-
tride plasma treatment, the resistance of the gate line
was about 2.9 pQcm to 3.0 pQcm.

[0124] When a high density silicon nitride layer and a
low density silicon nitride layer were formed after the hy-
drogen plasma treatment, the resistance of the gate line
was about 3.0 pQcm to 3,1 pQcm.

[0125] Therefore, when the first low density silicon ni-
tride layer, the high density silicon nitride layer, and the
second low density silicon nitride layer were formed, in
sequence, after the nitride plasma treatment, the resist-
ance of the gate line was minimized.

[0126] FIG. 20is a cross-sectional view showing a dis-
play device in accordance with another exemplary em-
bodiment of the present invention.

[0127] ReferringtoFIG. 20, the display device includes
an array substrate 180, an opposite substrate 170, and
a liquid crystal layer 108. The array substrate 180 of FIG.
20 is the same as that of FIG. 1, FIG. 2, FIG. 3, and FIG.
4. Thus, the same reference numerals will be used to
refer to the same or like parts and any further explanation
concerning the above elements will be omitted.

[0128] The opposite substrate 170 includes an oppo-
site insulating substrate 100, a black matrix 102b, a color
filter 104, and a common electrode 106. The opposite
substrate 170 may further include a plurality of color fil-
ters.

[0129] The opposite insulating substrate 100 includes
a transparent insulating material. Examples of the trans-
parent insulating material that may be included in the
opposite insulating substrate 100 include glass, quartz,
and synthetic resin. For example, the opposite insulating
substrate 100 may include a transparent synthetic resin.
[0130] The black matrix 102 is on the opposite insulat-
ing substrate 100 to block light that is incident in a region
in which liquid crystals are incontrollable. Thus, it may
be possible to improve the contrast ratio of the display
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device.

[0131] The color filter 104 is on the opposite insulating
substrate 100, on which the black matrix 102 is formed,
to transmit color light having a wavelength corresponding
to a color. The color filter 104 corresponds to a pixel elec-
trode 112 of the array substrate 180.

[0132] The common electrode 106 is on the opposite
insulating substrate 100 on which the black matrix 102
and the color filter 104 are formed. The common elec-
trode 106 includes a transparent conductive material. Ex-
amples of the transparent conductive material include
indium tin oxide (ITO), indium zinc oxide (1ZO), amor-
phous indium tin oxide (a-ITO), and combinations there-
of.

[0133] A spacer (not shown) may be interposed be-
tween the array substrate 180 and the opposite substrate
170 to maintain a distance between the array substrate
180 and the opposite substrate 170. The spacer may be
a bead spacer, a ball spacer, or a column spacer.
[0134] Aliquid crystal layer 108 is interposed between
the array substrate 180 and the opposite substrate 170.
When a voltage difference occurs between the common
electrode 106 and the pixel electrode 112, an electric
field is formed between the common electrode 106 and
the pixel electrode 112. The orientations of the liquid crys-
tals of the liquid crystal layer 108 vary in response to the
electric field formed between the common electrode 106
and the pixel electrode 112. Thus, light transmittance of
the liquid crystal layer 108 is changed and an image hav-
ing a gray-scale is displayed.

[0135] Asealant(notshown)may sealthe liquid crystal
layer 108 between the array substrate 180 and the op-
posite substrate 170.

[0136] Accordingly, the occurrence of defects in the
array substrate 180 of the display device of FIG. 20may
be decreased and the manufacturing process of the array
substrate 180 may be simplified. Thus, the image display
quality of the display device may be improved and the
manufacturing cost of the display device may be de-
creased.

[0137] FIG. 21 is a cross-sectional view showing an
array substrate in accordance with another embodiment
of the present invention. The array substrate of FIG. 21
is substantially the same as that of FIG, 1, FIG. 2, FIG.
3,and FIG. 4, except for the gate line, the gate electrode,
the data line, the source electrode, and the drain elec-
trode. Thus, the same reference numerals will be used
to refer to the same or like parts and any further expla-
nation concerning the above elements will be omitted.
[0138] Referring to FIG. 21, the gate line 1131 is dis-
posed on an insulating substrate 120 and includes a gate
barrier layer 1131a, a gate conductive layer 1131b, and
a gate copper nitride layer 1131c.

[0139] The gate barrier layer 1131ais disposed on the
insulating substrate 120. The gate barrier layer 1131a
may include molybdenum (Mo), molybdenum-titanium
(Mo-Ti) alloy, molybdenum-tungsten (Mo-W) alloy, mo-
lybdenum-chromium (Mo-Cr) alloy, molybdenum-nio-
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bium (Ni) alloy, and combinations thereof. The gate bar-
rier layer 1131 a may increase the adhesive strength be-
tweenthe gate line 1131 and the insulating substrate 120.
[0140] The gate conductive layer 1131b is disposed
onthe gate barrierlayer 1131a. The gate conductive layer
1131b may include copper or copper alloy.

[0141] The gate copper nitride layer 1131cis disposed
on an upper surface of the gate conductive layer 1131b,
The gate copper nitride layer 1131c may prevent copper
of the gate conductive layer 1131b from being combined
with silicon of the gate insulating layer 126. The gate
copper nitride layer 1131¢c may include copper nitride.
For example, the gate copper nitride layer 1131¢c may be
formed through a copper sputtering process in a nitrogen
atmosphere.

[0142] The gate electrode 1118 of the thin film transis-
tor 1155is on the insulating substrate 120. The gate elec-
trode 1118 is formed on substantially the same layer as
the gate line 1131and includes a gate barrier pattern
1118a, a gate conductive pattern 1118b, and a gate cop-
per nitride pattern 1118c.

[0143] The gate barrier pattern 1118a is disposed on
the insulating substrate 120. The gate barrier pattern
1118a may include substantially the same material as
the gate barrier layer 1131a of the gate line 1131.
[0144] The gate conductive pattern 1118b is disposed
on the gate barrier pattern 1118a. The gate conductive
pattern 1118b may include copper or copper alloy. For
example, the gate conductive pattern 1118b may include
substantially the same material as the gate conductive
layer 1131b of the gate line 1131.

[0145] The gate copper nitride pattern 1118¢ is dis-
posed on an upper surface of the gate conductive pattern
1118b. The gate copper nitride pattern 1118c may in-
clude copper nitride. For example, the gate copper nitride
pattern 1118c may include substantially the same mate-
rial as the gate copper nitride layer 1131c of the gate line
1131.

[0146] The data line 1133 is disposed on the gate in-
sulating layer 126. The data line 1133 includes a data
barrier layer 1133a, a data conductive layer 1133b, and
a data copper nitride layer 1133c.

[0147] The data barrier layer 1133a is disposed on the
gate insulating layer 126, an amorphous silicon pattern
137a, and an n+ amorphous silicon pattern 137b. The
data barrier layer 1133a prevents the silicon atoms of the
gate insulating layer 126 from diffusing into the data con-
ductive layer 1133b.

[0148] The data conductive layer 1133b is disposed
onthedatabarrierlayer 1133a. The data conductive layer
1133b may include copper or copper alloy. For example,
the data conductive layer 1133b may include substan-
tially the same material as the gate conductive layer 1131
b. Thus, any further explanation concerning the above
elements will be omitted.

[0149] The data copper nitride layer 1133c is formed
on an upper surface of the data conductive layer 1133b.
The data copper nitride layer 1133c may include copper
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nitride. For example, the data copper nitride layer 1133c
may include substantially the same copper nitride as the
gate copper nitride layer 1131c.

[0150] A source electrode 1117 of the thin film transis-
tor 1155 is on a first pattern of the n+ amorphous silicon
pattern. The source electrode 1117 may include copper
or copper alloy. For example, the source electrode 1117
may be formed on substantially the same layer as the
data line 1133. The source electrode 1117 is connected
to the data line 1133and includes a source barrier pattern
1117a, a source conductive pattern 1117b, and a source
copper nitride pattern 1117c

[0151] The source barrier pattern 1117a is on the first
pattern of the n+ amorphous silicon pattern. The source
barrier pattern 1117a may include substantially the same
material as the data barrier layer 1133a of the data line
1133.

[0152] The source conductive pattern 1117b is dis-
posed on the source barrier pattern 1117a. The source
conductive pattern 1117b may include copper or copper
alloy. For example, the source conductive pattern 1117b
may include substantially the same material as the data
conductive layer 1133b of the data line 1133.

[0153] The source copper nitride pattern 1117c is dis-
posed on an upper surface of the source conductive pat-
tern 1117b. The source copper nitride pattern 1117¢c may
include copper nitride. For example, the source copper
nitride pattern 1117c may include substantially the same
material as the data copper nitride layer 1133c of the
data line 1133.

[0154] A drain electrode 1119 of the thin film transistor
115is disposed on a second pattern of the n+ amorphous
silicon pattern. The drain electrode 1119 is formed on
substantially the same layer as the data line 1133. The
drain electrode 1119 is connected to the pixel electrode
1112and includes a drain barrier pattern 1119a, a drain
conductive pattern 1119b, and a drain copper nitride pat-
tern 1119c.

[0155] The drain barrier pattern 1119a is disposed on
the second pattern of the n+ amorphous silicon pattern.
The drain barrier pattern 1119a may include substantially
the same material as the data barrier layer 1133a of the
data line 1133.

[0156] The drain conductive pattern 1119bis disposed
on the drain barrier pattern 1119a. The drain conductive
pattern 1119b may include copper or copper alloy. For
example, the drain conductive pattern 1119b may include
substantially the same material as the data conductive
layer 1133b of the data line 1133.

[0157] The drain copper nitride pattern 1119c is dis-
posed on an upper surface of the drain conductive pattern
1119band may include copper nitride. For example, the
drain copper nitride pattern 1119¢ may include substan-
tially the same material as the data copper nitride layer
1133c of the data line 1133.

[0158] FIG. 22, FIG. 23, FIG. 24, FIG. 25, and FIG. 26
are cross-sectional views showing a method of manu-
facturing the array substrate shown in FIG. 21. The meth-
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od of FIG. 22, FIG. 23, FIG. 24, FIG. 25, and FIG. 26 is
substantially the same as in FIG. 5, FIG.6, FIG. 7, FIG.
8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14,
FIG. 15, FIG. 16, FIG. 17, FIG. 18, and FIG. 19, except
with regard to the processes for forming the gate line,
the gate electrode, the data line, the source electrode,
and the drain electrode. Thus, the same reference nu-
merals will be used to refer to the same or like parts and
any further explanation concerning the above elements
will be omitted.

[0159] ReferringtoFIG.21andFIG. 22, aprimary gate
barrier layer 1141 and a primary gate conductive layer
1142 are formed on the insulating substrate 120, in se-
quence. A primary copper nitride layer 1144 is deposited
onthe primary gate conductive layer 1142 through a sput-
tering process, A gate photoresist film 1143 is coated on
the primary gate copper nitride layer 1144.

[0160] The gate photoresist film 1143 is exposed to
ultraviolet light through a gate mask 1171, The gate mask
1171 includes a light blocking portion 1171a and a trans-
parent portion 1171b. The light blocking portion 1171
blocks a portion of the ultraviolet light and the remaining
portion of the ultraviolet light passes through the trans-
parent portion 1171b. The light blocking portion 1171a
corresponds to the gate line 1131 and the gate electrode
1118 and the transparent portion 1171b corresponds to
the remainder of the array substrate.

[0161] Referring to FIG. 23, the exposed gate photore-
sist film 1143 is developed, using a developing agent, to
form a gate photoresist pattern 1143a on the primary
gate copper nitride layer 1144.

[0162] The primary gate conductive layer 1142, the pri-
mary gate barrier layer 1141, and the primary gate copper
nitride layer 1144 are partially etched, using the gate pho-
toresist pattern 1143a as an etching mask, to form the
gate line 1131 and the gate electrode 1118 on the insu-
lating substrate 120.

[0163] The gate copper nitride layer 1131c¢ of the gate
line 1131 may have substantially the same etching rate
as the copper of the gate conductive layer 1131b, thereby
improving the etching uniformity of the gate line 1131,
For example, when a molybdenum layer (not shown) on
a gate conductive layer having a different etching rate
than the gate conductive layer is formed on a gate con-
ductive layer, the molybdenum layer may be over-etched
such that a portion of the gate conductive layer may be
exposed. However, in FIG. 23, the gate copper nitride
layer 1131c has substantially the same etching rate as
the gate conductive layer 1131b, thereby improving the
etching profile of the gate line 1131.

[0164] The gate photoresist pattern 143a is removed
from the gate line 1131 and the gate electrode 1118.
[0165] Referringto FIG. 24, a gate insulating layer 126
is formed on the insulating substrate 120 to cover the
gate line 1131 and the gate electrode 1118.

[0166] An amorphous silicon pattern 137a is formed
on the gate insulating layer corresponding to the gate
electrode 1118. A primary n+ amorphous silicon pattern
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137c is formed on the amorphous silicon pattern 137a.
[0167] ReferringtoFIG.25, aprimary databarrier layer
(not shown) and a primary data conductive layer (not
shown) are formed on the gate insulating layer 126, on
which the amorphous silicon pattern 137a and the pri-
mary n+ amorphous silicon pattern 137c (shown in FIG.
24) are formed, in sequence. A primary data copper ni-
tride layer (not shown) is deposited on the primary data
conductive layer. For example, the primary data copper
nitride layer may be deposited through a sputtering proc-
ess. A data photoresist film (not shown) may be formed
on the primary data copper nitride layer.

[0168] The primary data barrier layer, the primary data
conductive layer, and the primary data copper nitride lay-
er are partially etched through a photolithography proc-
ess using a data mask (not shown) to form the data line
1133, the source electrode 1117, and the drain electrode
1119 on the gate insulating layer 126. Alternatively, ni-
tride plasma may be implanted into each of the data line
1133, the source electrode 1117, and the drain electrode
1119 to form a copper nitride layer (not shown) on each
of a side surface of the data conductive layer 1133b of
the data line 1133, a side surface of the source conduc-
tive pattern 1117b of the source electrode 1117, and a
side surface of the drain conductive pattern 1119b of the
drain electrode 1119.

[0169] The primary n+amorphous silicon pattern 137¢c
(shown in FIG. 24) interposed between the source elec-
trode 1117 and the drain electrode 1119 is partially
etched, using the source electrode 1117 and the drain
electrode 1119 as an etching mask, so that the amor-
phous silicon pattern 137a is partially exposed between
the source electrode 1117 and the drain electrode 1119.
Also, the primary n+ amorphous silicon pattern 137c¢ is
divided into two patterns spaced apart from each other
and corresponding to the source electrode 1117 and the
drain electrode 1119.

[0170] Referring to FIG. 26, the passivation layer 116
is formed on the gate insulating layer 126 to cover the
semiconductor pattern 137, the data line 1133, the
source electrode 1117, and the drain electrode 1119. The
passivation layer 116 is partially etched to form a contact
hole 151 through which the drain electrode 1119 is par-
tially exposed.

[0171] The pixel electrode 112 is connected to the
drain electrode 1119 through the contact hole 151 and
is formed on the passivation layer 116 having the contact
hole 151.

[0172] According to the method of manufacturing the
array substrate of FIG. 22, FIG. 23, FIG. 24, FIG. 25, and
FIG. 26, each of the gate line 1131, the gate electrode
1118, the data line 1133, the source electrode 1117, and
the drain electrode 1119 includes a copper nitride layer
that has substantially the same etching rate as the copper
of the gate conductive layer 1131b, which may improve
the etching profile of the gate line 1131, the gate electrode
1118, the data line 1133, the source electrode 1117, and
the drain electrode 1119. Thus, the occurrence of defects
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in the array substrate may be decreased.

[0173] FIG. 27 is a cross-sectional view showing an
array substrate in accordance with another embodiment
of the present invention. The array substrate of FIG. 27
is substantially the same as in FIG. 21 except for the data
line, the source electrode, and the drain electrode. Thus,
the same reference numerals will be used to refer to the
same or like parts and any further explanation concerning
the above elements will be omitted.

[0174] Referring to FIG. 27, the data line 533 includes
a data barrier layer 533a, a data conductive layer 533b,
a data copper nitride layer 533c, and a side copper nitride
layer 533d.

[0175] The data copper nitride layer 533c is disposed
on an upper surface of the data conductive layer 533b
to protectthe dataline 533 during subsequent processes.
The subsequent processes may include an etching proc-
ess for forming an n+ amorphous silicon pattern 137b, a
cleaning process, and a deposition process.

[0176] The side copper nitride layer 533d is disposed
on a side surface of the data conductive layer 533b to
protect the data line 533 during the subsequent process-
es. For example, the side copper nitride layer 533d pro-
tects the data line 533 during the etching process for
forming the n+ amorphous silicon pattern 137b such that
the data line 533 may not be etched by an etchant for
etching a primary n+ amorphous silicon pattern.

[0177] The source electrode 517 is formed on substan-
tially the same layer as the data line 533. The source
electrode 517 includes a source barrier pattern 5173, a
source conductive pattern 517b, a source copper nitride
pattern 517c, and a first side surface copper nitride pat-
tern 517d.

[0178] The source copper nitride pattern 517c is dis-
posed on an upper surface of the source conductive pat-
tern 517b.

[0179] The first side copper nitride pattern 517d is dis-
posed on a side surface of the source conductive pattern
517b to protect the source electrode 517 during the etch-
ing process for forming the n+ amorphous silicon pattern
137b.

[0180] The drain electrode 519 is formed on substan-
tially the same layer as the data line 533. The drain elec-
trode 519 includes a drain barrier pattern 519a, a drain
conductive pattern 519b, a drain copper nitride pattern
519c, and a second copper nitride pattern 519d.

[0181] The drain copper nitride pattern 519c is dis-
posed on an upper surface of the drain conductive pattern
519b.

[0182] The second side copper nitride pattern 519d is
disposed on a side surface ofthe drain conductive pattern
519b to protect the source electrode 519 during the etch-
ing process for forming the n+ amorphous silicon pattern
137b, The second side copper nitride pattern 519d may
protect the source electrode 519 during subsequent proc-
esses including the cleaning process and the deposition
process.

[0183] The data copper nitride layer 533c, the source
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copper nitride pattern 517¢, and the drain copper nitride
pattern 519c of FIG. 27 may be formed through substan-
tially the same sputtering process as described with re-
spect to FIG. 25. The side copper nitride layer 533d, the
first side copper nitride pattern 517d, and the second side
copper nitride pattern 519d of FIG. 27 may be formed
using substantially the same nitride plasma as described
with respect to FIG. 16. Alternatively, each of the upper
and side surfaces of the data line 533, the source elec-
trode 517, and the drain electrode 519 may be covered
by a copper nitride layer.

[0184] Accordingly, in the array substrate of FIG. 27,
the etching uniformity of the data line 533, the source
electrode 517, and the drain electrode 519 may be im-
proved, which may increase the yield of the array sub-
strate.

[0185] FIG. 28 is a cross-sectional view showing an
array substrate in accordance with another exemplary
embodiment of the present invention.

[0186] Referring to FIG. 28, the array substrate in-
cludes an insulating substrate 220, a data line 233, a
gate line 231, a thin film transistor 255, a gate insulating
layer 226, a passivation layer 216, and a pixel electrode
212. Alternatively, the array substrate may include a plu-
rality of data lines, a plurality of gate lines, a plurality of
thin film transistors, and a plurality of pixel electrodes.
[0187] The data line 233 includes a data barrier layer
233a, a data conductive layer 233b, and a data copper
nitride layer 233c. The data barrier layer 233a is disposed
on the insulating substrate 220and the data conductive
layer 233b is disposed on the data barrier layer 233a,
The data copper nitride layer 233c is disposed on an
upper surface and a side surface of the data conductive
layer 233b.

[0188] Asource electrode 217 of the thin film transistor
255 is formed on substantially the same layer as the data
line 233and is connected to the data line 233.

[0189] The source electrode 217 includes a source
barrier pattern 217a, a source conductive pattern 217b,
and a source copper nitride pattern 217c. The source
copper nitride pattern 217c is disposed on an upper sur-
face and a side surface of the source conductive pattern
217b.

[0190] A drain electrode 219 of the thin film transistor
255 is formed from substantially the same layer as the
data line 233. The drain electrode 219 is spaced apart
from the source electrode 217.

[0191] Thedrain electrode 219 includes a drain barrier
pattern 219a, a drain conductive pattern 219b, and a
drain copper nitride pattern 219c. The drain copper nitride
pattern 219c is disposed on an upper surface and a side
surface of the drain conductive pattern 219b.

[0192] A semiconductor pattern 237 of the thin film
transistor 255is interposed between the source electrode
217 and the drain electrode 219. The semiconductor pat-
tern 237 includes an n+ amorphous silicon pattern 237b
and an amorphous silicon pattern 237a. The n+ amor-
phous silicon pattern 237b includes a first pattern on the
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source electrode 217 and a second pattern on the drain
electrode 219. The amorphous silicon pattern 234a is
disposed on the n+ amorphous silicon pattern 237b and
the portion of the insulating substrate 220 between the
source electrode 217 and the drain electrode 219.
[0193] The gateinsulating layer 226 is disposed on the
insulating substrate 220 and covers the data line 233,
the source electrode 217, the drain electrode 219, and
the semiconductor pattern 237. The gate insulating layer
226 and the passivation layer 216 have a contact hole
251 through which the drain electrode 219 is partially
exposed.

[0194] A gate electrode 218 of the thin film transistor
255 is disposed on the gate insulating layer 226 corre-
sponding to the semiconductor pattern 237. The gate
electrode 218 includes a gate barrier pattern 218a, a gate
conductive pattern 218b, and a gate copper nitride pat-
tern 218c. The gate copper nitride pattern 218c is dis-
posed on an upper surface and a side surface of the gate
conductive pattern 218b.

[0195] The gate line 231 is formed on substantially the
same layer as the gate electrode 218and is connected
to the gate electrode 218.

[0196] The gate line 231 includes a gate barrier layer
231a, a gate conductive layer 231b, and a gate copper
nitride layer 231c. The gate conductive layer 231b is dis-
posed on the gate barrier layer 231a and the gate copper
nitride layer 231c is disposed on an upper surface and a
side surface of the gate conductive layer 231b.

[0197] The passivation layer 216 is disposed on the
gate insulating layer 226 to cover the gate electrode 218
and the gate line 231. The drain electrode 219 is partially
exposed through the contact hole 251 formed in the pas-
sivation layer and the gate insulating layer 226.

[0198] The pixel electrode 212 is disposed on the pas-
sivation layer 216. The pixel electrode 212 is connected
to the drain electrode 219 through the contact hole 251
formed in the passivation layer 216.

[0199] Accordingly, in the array substrate of FIG. 28,
the resistance of the data line 233 on the insulating sub-
strate 220 and the gate line 231 on the gate insulating
layer 226 may be decreased, which may improve the
image display quality of a display device.

[0200] FIG.29is a cross-sectional view showing a dis-
play device in accordance with another exemplary em-
bodiment of the present invention.

[0201] ReferringtoFIG. 29, the display deviceincludes
an insulating substrate 320, a black matrix 302, a gate
line 331, a data line (not shown), a driving voltage line
333, a driving transistor 355, a switching transistor (not
shown), a gate insulating layer 326, a passivation layer
316, a color filter 304, a pixel electrode 312, an organic
light emitting layer 308, an opposite electrode 306, and
a protecting layer 305. Alternatively, the display device
may include a plurality of gate lines, a plurality of data
lines, a plurality of driving voltage lines, a plurality of driv-
ing transistors, a plurality of switching transistors, a plu-
rality of color filters, and a plurality of pixel electrodes.
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[0202] The black matrix 302 is formed on the insulating
substrate 320 to block light. The black matrix 302 includes
a plurality of openings 348 arranged in a matrix. Each of
the openings 348 of the black matrix 302 may correspond
to a pixel electrode 312.

[0203] The gate line 331 is disposed on the black ma-
trix 302 and includes a gate barrier layer 331a, a gate
conductive layer 331b, and a gate copper nitride layer
331c. The gate conductive layer 331b is disposed on the
gate barrier layer 331a. The gate copper nitride layer
331cis disposed on an upper surface and a side surface
of the gate conductive layer 331b. The gate line 331 is
connected to a gate electrode (not shown) of the switch-
ing transistor.

[0204] A gate electrode 318 of the driving transistor
355 is formed on substantially the same layer as the gate
line 331. The gate electrode 318 is connected to a drain
electrode (not shown) of the switching transistor. The
gate electrode 318 includes a gate barrier pattern 3183,
a gate conductive pattern 318b, and a gate copper nitride
pattern 318c. The gate copper nitride pattern 318c is dis-
posed on an upper surface and a side surface of the gate
conductive pattern 318b.

[0205] The gate insulating layer 326 is disposed on the
insulating substrate 320 on which the black matrix 302,
the gate line 331, and the gate electrode 318 are formed.
In FIG. 29, the gate insulating layer 326 includes a first
gate insulating layer made of low density silicon nitride,
a second gate insulating layer made of high density sili-
con nitride, and a third gate insulating layer made of low
density silicon nitride.

[0206] A semiconductor pattern 337 of the driving tran-
sistor 355 is disposed on the gate insulating layer 326
corresponding to the gate electrode 318. The semicon-
ductor pattern 337 includes an amorphous silicon pattern
337a and an n+ amorphous silicon pattern 337b,
[0207] The driving voltage line 333 is disposed on the
gate insulating layer 326. The driving voltage line 333
includes a driving voltage barrier layer 333a, a driving
voltage conductive layer 333b, and a driving voltage cop-
per nitride layer 333c. The driving voltage conductive lay-
er 333b is disposed on the driving voltage barrier layer
333aand the driving voltage copper nitride layer 333c is
disposed on an upper surface and a side surface of the
driving voltage conductive layer 333b,

[0208] A source electrode 317 of the driving transistor
355 is disposed on the semiconductor pattern 337. The
source electrode 317 is electrically connected to the driv-
ing voltage line 333. The source electrode 317 includes
a source barrier pattern 317a, a source conductive pat-
tern 317b, and a source copper nitride pattern 317c. The
source copper nitride pattern 317c is disposed on an up-
per surface and a side surface of the source conductive
pattern 317b.

[0209] A drain electrode 319 of the driving transistor
355 is spaced apart from the source electrode 317 on
the semiconductor pattern 337. The drain electrode 319
includes a drain barrier pattern 319a, a drain conductive
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pattern 319b, and a drain copper nitride pattern 319c.
The drain copper nitride pattern 319c is disposed on an
upper surface and a side surface of the drain conductive
pattern 319b.

[0210] The passivation layer 316 is disposed on the
gate insulating layer 326 to cover the driving transistor
355, the switching transistor, and the driving voltage line
333.

[0211] The color filter 304 is disposed on the passiva-
tion layer 316 to transmit colored light having a wave-
length corresponding to the color. Alternatively, an over-
coating layer (not shown) may be formed on the color
filter 304. The passivation layer 316 and the color filter
304 have a contact hole 351 through which the drain
electrode 319 of the driving transistor 355 is partially ex-
posed.

[0212] The pixel electrode 312 is disposed on the color
filter 304, and is connected to the drain electrode 319 of
the driving transistor 355 through the contact hole 351.
The pixel electrode 312 may include a transparent con-
ductive material.

[0213] The organic light emitting layer 308 is formed
on the color filter 304 to cover the pixel electrode 312.
[0214] The opposite electrode 306 is disposed on the
organic light emitting layer 308and may include metal.
[0215] The protecting layer 305 is formed on the op-
posite electrode 306 to protect the opposite electrode
306.

[0216] When a current flows through the organic light
emitting layer 308 between the pixel electrode 312 and
the opposite electrode 306, the organic light emitting lay-
er 308 generates light. The light generated from the or-
ganic light emitting layer 308 passes through the color
filter 304, thereby displaying an image.

[0217] Accordingly, in the display device of FIG. 29,
the resistance of the gate line 331, the driving voltage
line 333, and the data line (not shown) may be decreased,
which may improve the image display quality of the dis-
play device. In addition, the etching resistance of the
source electrode 317 and the drain electrode 319 may
be increased by the copper nitride patterns 317c and
319c that are formed on the side surfaces of the source
and drain electrodes 317 and 319, which may decrease
the occurrence of defects in the display device.

[0218] According to the present invention, the copper
nitride patterns are formed on the upper surface and the
side surface of the conductive patterns so that an addi-
tional protecting layer for protecting the copper lines may
be omitted. Thus, the manufacturing time and the man-
ufacturing cost of the array substrate may be decreased.
[0219] In addition, the copper nitride pattern formed
through a sputtering process has substantially the same
etching rate as the conductive pattern, which may im-
prove the etching profile of the conductive patterns of the
array substrate.

[0220] Furthermore, the copper nitride pattern formed
through the nitride plasma process covers the side sur-
face of the conductive patterns to protect the conductive
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patterns during the etching process for etching the n+
amorphous silicon pattern.

[0221] Also, since the resistance of the conductive pat-
terns may be decreased, the image display quality of the
display device may be improved.

[0222] The gate insulating layer may also have a multi-
layered structure to improve the electrical characteristics
of the semiconductor pattern.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended
claims and their equivalents.

Claims
1. An array substrate, comprising:

a switching element on an insulating substrate;
a signal transmission line connected to the
switching element, the signal transmission line
comprising:

a barrier layer on the insulating substrate;
a conductive line on the barrier layer, the
conductive line comprising copper or cop-
per alloy; and

a copper nitride layer covering the conduc-
tive line;

a passivation layer covering the switching ele-
ment and the signal transmission line, the pas-
sivation layer comprising a contact hole through
which a drain electrode of the switching element
is partially exposed; and

a pixel electrode on the insulating substrate, the
pixel electrode being connected to the drain
electrode of the switching element through the
contact hole.

2. The array substrate of claim 1, wherein the copper
nitride layer covers an upper surface of the conduc-
tive line.

3. The array substrate of claim 1, wherein the copper
nitride layer covers an upper surface and a side sur-
face of the conductive line.

4. The array substrate of claim 1, wherein the switching
element further comprises:

a gate electrode on the insulating substrate;
a gate insulating layer on the gate electrode;
a semiconductor pattern on the gate insulating
layer to be connected to the drain electrode; and
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a source electrode spaced apart from the drain
electrode on the semiconductor pattern.

5. The array substrate of claim 4, wherein the signal
transmission line is connected to the gate electrode.

6. The array substrate of claim 4, wherein the signal
transmission line is connected to the source elec-
trode.

7. The array substrate of claim 4, wherein the source
electrode comprises:

a source barrier pattern on the semiconductor
pattern;

a source conductive pattern on the source bar-
rier pattern, the source conductive pattern com-
prising copper or copper alloy; and

a source copper nitride pattern covering an up-
per surface and a side surface of the source con-
ductive pattern.

8. The array substrate of claim 7, wherein the drain
electrode comprises:

adrain barrier pattern on the semiconductor pat-
tern;

a drain conductive pattern on the drain barrier
pattern, the drain conductive pattern including
copper or copper alloy; and

a drain copper nitride pattern covering an upper
surface and a side surface of the drain conduc-
tive pattern.

9. The array substrate of claim 1, wherein the switching
element comprises:

a source electrode spaced apart from the drain
electrode on the insulating substrate;

a semiconductor pattern interposed between
the source electrode and the drain electrode;

a gate insulating layer covering the source elec-
trode, the drain electrode, and the semiconduc-
tor pattern; and

a gate electrode on the gate insulating layer, the
gate electrode corresponding to the semicon-
ductor pattern.

10. The array substrate of claim 1, further comprising:

a driving element interposed between the drain
electrode of the switching element and the pixel
electrode to apply a driving signal to the pixel
electrode;
an organic light emitting layer on the pixel elec-
trode; and
an opposite electrode on the organic light emit-
ting layer.



1.

12

13.

14.

15.

31 EP 1 881 366 A1

A display device, comprising:

a switching element on an insulating substrate;
a signal transmitting line connected to the
switching element, the signal transmitting line
comprising:

a barrier layer on the insulating substrate;
a conductive line on the barrier layer, the
conductive line comprising copper or cop-
per alloy; and

a copper nitride layer covering the conduc-
tive line;

a pixel electrode on the insulating substrate, the
pixel electrode being connected to a drain elec-
trode of the switching element;

a passivation layer covering the switching ele-
ment and the signal transmission line;

a liquid crystal layer on the passivation layer;
an opposite electrode on the liquid crystal layer,
the opposite electrode facing the pixel electrode;
and

an opposite insulating substrate on the opposite
electrode, the opposite insulating substrate fac-
ing the insulating substrate.

A method for manufacturing an array substrate, com-
prising:

forming a barrier layer on an insulating sub-
strate;

forming a gate line comprising copper or copper
alloy and a gate electrode connected to the gate
line on the barrier layer;

applying nitride plasma on the gate line and the
gate electrode;

depositing a gate insulating layer on the insulat-
ing substrate to cover the gate line and the gate
electrode; and

forming a data line, a source electrode connect-
ed to the data line, a drain electrode spaced
apart from the source electrode, and a semicon-
ductor pattern on the gate insulating layer, the
semiconductor pattern being on the gate elec-
trode between the source electrode and the
drain electrode.

The method of claim 12, wherein the nitride plasma
is applied in the same chamber in which the gate
insulating layer is deposited, in situ.

The method of claim 13, wherein the nitride plasma
is applied at an electric power of no less than about
300W for no less than about 20 seconds in an am-
monia atmosphere.

The method of claim 13, wherein depositing the gate
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16.

17.

18.

19.

20.

32
insulating layer comprises:

injecting a first gas mixture comprising silane
gas, nitrogen gas, and ammonia gas into a
chamber to form a first gate insulating layer on
the insulating substrate, the amount of silane
gas in the first gas mixture being no more than
about 6.43% by volume;

injecting a second gas mixture comprising silane
gas, nitrogen gas, and ammonia gas into the
chamber to form a second gate insulating layer
on the insulating substrate, the amount of silane
gasinthe second gas mixture being no less than
about 6,43% by volume; and

injecting a third gas mixture comprising silane
gas, nitrogen gas, and ammonia gas into the
chamber to form a third gate insulating layer on
the insulating substrate, the amount of silane
gas in the third gas mixture being no more than
about 6.43% by volume.

The method of claim 15, wherein the thickness of
the first gate insulating layer is no less than about
10A.

A method of manufacturing an array substrate, com-
prising:

forming a gate line, a gate electrode connected
to the gate line, and a gate insulating layer cov-
ering the gate line and the gate electrode on an
insulating substrate;

forming a semiconductor pattern on the gate in-
sulating layer corresponding to the gate elec-
trode;

forming a data line comprising copper or copper
alloy, a source electrode connected to the data
line, and a drain electrode spaced apart from
the source electrode with respect to the semi-
conductor pattern on the gate insulating layer;
applying nitride plasma on the data line, the
source electrode, and the drain electrode; and
depositing a passivation layer on the gate insu-
lating layer to cover the semiconductor pattern,
the data line, the source electrode, and the drain
electrode.

The method of claim 17, further comprising:
forming a conductive barrier layer on the gate
insulating layer on which the semiconductor pat-

tern is formed.

The method of claim 18, wherein the conductive bar-
rier layer comprises metal or alloy.

The method of claim 17, wherein forming the semi-
conductor pattern on the gate insulating layer com-
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prises:

forming an amorphous silicon layer on the gate
insulating layer; and

34

forming a barrier layer on an insulating sub-
strate;

forming a gate line comprising copper or copper
alloy and a gate electrode connected to the gate

forming an n+ amorphous silicon layer on the & line on the barrier layer;
amorphous silicon layer. applying hydrogen plasma on the gate line and
the gate electrode;
21. The method of claim 20, further comprising: injecting a first gas mixture comprising silane
gas, nitrogen gas, and ammonia gas into a
partially etching the n+ amorphous silicon layer 70 chamber to form a first gate insulating layer on
by using the source electrode and the drain elec- the insulating substrate, the amount of silane
trode treated by the nitride plasma as an etching gas in the first gas mixture being no more than
mask. about 6.43% by volume;
injecting a second gas mixture comprising silane
22. Amethod for manufacturing an array substrate,com- 75 gas, nitrogen gas and ammonia gas into the
prising: chamber to form a second gate insulating layer
on the insulating substrate, the amount of silane
depositing a first barrier layer, a first conductive gas inthe second gas mixture being noless than
layer comprising copper or copper alloy, and a about 6.43% by volume;
first copper nitride layer on an insulating sub- 20 injecting a third gas mixture comprising silane
strate, in sequence; gas, nitrogen gas and ammonia gas into the
patterning the first barrier layer, the first conduc- chamber to form a third gate insulating layer on
tive layer, and the first copper nitride layer to the insulating substrate, the amount of silane
form a gate line and a gate electrode connected gas in the third gas mixture being no more than
to the gate line; 25 about 6.43% by volume; and
depositing a gate insulating layer on the insulat- forming a data line, a source electrode connect-
ing substrate to cover the gate line and the gate ed to the data line, a drain electrode spaced
electrode; and apart from the source electrode, and a semicon-
forming a data line, a source electrode connect- ductor pattern on the third gate insulating layer,
ed to the data line, a drain electrode spaced 30 the semiconductor pattern being on the gate
apart from the source electrode, and a semicon- electrode between the source electrode and the
ductor pattern on the gate insulating layer, the drain electrode.
semiconductor pattern being on the gate elec-
trode between the source electrode and the
drain electrode. 35
23. The method of claim 22, wherein forming the data
line, the source electrode, the drain electrode, and
the semiconductor pattern comprises:
40

depositing a second barrier layer, a second con-
ductive layer comprising copper or copper alloy,

and a second copper nitride layer on the gate
insulating layer, in sequence; and

patterning the second barrier layer, the second 45
conductive layer, and the second copper nitride
layer.

24. The method of claim 23, wherein forming the data
line, the source electrode, the drain electrode, and 50
the semiconductor pattern comprises:

applying nitride plasma on the data line, the
source electrode, and the drain electrode.
55

25. Amethod for manufacturing an array substrate, com-
prising:
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